IMPORTANCE Advances in perioperative cardiac management and an increase in the number of endovascular procedures have made significant contributions to patients and postoperative myocardial infarction (POMI) risk following high-risk vascular procedures. Whether these changes have translated into real-world improvements in POMI incidence remain unknown.
M ajor surgery is associated with increased myocardial oxygen demand and risk of coronary plaque rupture resulting in myocardial infarction (MI). Postoperative MI (POMI) occurs in 1% of the 230 million patients undergoing major surgery each year 1 and remains the leading cause of mortality and morbidity in patients undergoing vascular surgery, 2,3 with a reported incidence ranging from 5% to 20%. 4, 5 Among vascular procedures, infrainguinal arterial bypass and open aortic surgery are categorized as procedures with the highest cardiac risk according to the 2014 American College of Cardiology/American Heart Association guidelines. 6 The past decade has seen a number of important changes in patient demographics, perioperative cardiac care, and surgical technique for vascular surgery. The efficacy of preoperative statins, 7 β-blockers, [8] [9] [10] angiotensin-converting enzyme inhibitors, 11 and antiplatelet agents 11, 12 in reducing postoperative cardiac complications remain controversial, but routine use of these agents has gained wide acceptance 13 and has substantially affected the patient cardiac risk profile. Conversely, incorporation of high-sensitivity troponin values into the definition of POMI has resulted in the diagnosis of many more MIs, the importance of which remains controversial. Moreover, widespread use of endovascular technologies has yielded major changes in the practice of vascular surgery. Most abdominal aortic aneurysms are now treated using endovascular aneurysm repair, 14 although its association with the POMI incidence of open aortic operations remains illdefined. Conversely, the availability of endovascular procedures and thrombolysis has reduced the need for emergency infrainguinal bypass procedures. One study demonstrated significant reductions in infrainguinal bypasses owing to the decreased incidence of acute limb ischemia and increased use of endovascular interventions. 15 Our present study used the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database to examine trends in the incidence and prognostic implications of POMI among patients undergoing high-risk vascular operations. Given the aforementioned changes, we hypothesized a shift in aortic surgery toward more emergency and complex cases and a reduction in emergency infrainguinal bypass procedures. In addition, with the broadened definition of POMI, we anticipated an increase in POMI with a reduction in POMIassociated mortality.
Methods
A retrospective cohort study using data from the ACS NSQIP database was performed of cases collected from January 1, 2005, to December 31, 2013. Patients undergoing a high-risk vascular procedure, defined as any open surgery involving the abdominal aorta or an infrainguinal arterial bypass, were divided into cohorts based on their year of operation. Baseline cardiac risk factors and incidence of POMI, cardiac arrest, and mortality were then compared. Because of the deidentified nature of preexisting data, this study was deemed exempt from review by the institutional review board of the UCLA (University of California, Los Angeles Meaning Despite major advances in perioperative cardiac care in the past decade and the availability of an endovascular surgical approach, high-risk vascular procedures were not associated with lower rates of postoperative myocardial infarction.
status, as defined in the ACS NSQIP, was classified as totally independent, partially dependent, and totally dependent. Procedure type was classified into 21 categories (including anorectal, aortic, bariatric, brain, breast, and cardiac, to name a few), and a specific coefficient was assigned for each category.
The primary outcome for this study was POMI. 
Statistical Analysis
Patient characteristics and outcomes were first tabulated after stratification by procedure category and operative year. Each variable was then compared by procedure types using the χ 2 test for categorical variables and unpaired, 2-tailed t test for continuous variables. The statistical significance of temporal relationships was examined by use of a modified Wilcoxon rank sum test for trend across ordered groups. 20 To identify important risk factors for cardiac complications and to assess the independent contribution of the operation year in estimating the association with adverse cardiac outcomes, logistic regression models were constructed to adjust for other confounders. A backward stepwise elimination algorithm was adopted for selection of the most parsimonious set of variables by using .01 as the alpha-to-remove value. Finally, to assess the temporal shift in severity of diagnosed POMI's during the study period, a subgroup analysis was performed using only patients who experienced POMI. Logistic regression analyses were performed for each yearly cohort to quantify the odds of developing cardiac arrest or mortality following POMI after adjusting for other noncardiac complications, including stroke, acute renal failure, thromboembolism, bleeding, and infectious complications. A 2-sided P <.05 was considered statistically significant. Statistical analyses were performed using Stata, version 13.0 (StataCorp LLC). 
Results

Open Aortic vs Infrainguinal Bypass
Open Aortic Procedure
The sample size for open aortic procedures displayed a steady growth, from 540 cases in 2005 to 2464 cases in 2014 (eTable 1intheSupplement). There were significant decrements in re- . A dramatic increase in the incidence of POMI, from 1.2% to 3.5%, was observed from the fourth quarter of 2008 to the first quarter of 2009. The abrupt nature of the increase and the steady POMI incidence both before and after this junction led us to hypothesize that the observed increase was likely associated with a change in the data sampling algorithm rather than a disruptive epidemiological change in POMI incidence. Thus, we performed subsequent analyses involving POMI incidence using only data after 2008. The observed POMI incidence from 2009 to 2014 demonstrated no significant temporal change (P =. 64fortrend),ran gin gfrom2. 7%to3. 1 %. However, the rates of cardiac arrest and mortality increased, A logistic regression model was created to identify POMI risk factors. After adjustment for known risk factors, no significant association was found between temporal year and MI (odds ratio [OR], 0.99; 95% CI; 0.95-1.02; P = .36 [not shown in Table 3 ]). The most significant risk factors were emergent case status, ASA class, renal insufficiency, and age greater than 75 years (Table 3) .
Infrainguinal Bypass Procedure
The sample number for the infrainguinal bypass procedure has been steadily growing, Similar to open aortic cases, POMI incidence increased from 2008 to 2009, with a jump from 1.02% to 2.72% over a single quarter. For reasons explained earlier, we performed the following analyses using data from 2009 and later and found no consistent temporal shifts in the incidence of POMI (P = .52 for trend) or cardiac arrest (P = .64 for trend). Of interest, the MICA risk estimate remained consistently below the actual MICA incidence after 2008. However, a gradual decrease in 30-day mortality was observed (P < .001 for trend) (eFigure in the Supplement).
The logistic regression model identified the most significant risk factors associated with MI following infrainguinal bypass procedures as hypertension, ASA class, emergent case, renal insufficiency, diabetes, age greater than 75 years, and preoperative hematocrit level less than 37%.
POMI Prognosis
A subgroup analysis was performed that included only patients who experienced POMI. The incidence of cardiac arrest ranged from 8.9% (OR, 3.62; 95% CI, 2.25-5.82) to 23.2% (OR, 11.77; 95% CI, 6.10-22.72) and mortality ranged from 16.4% (OR, 3.14; 95% CI, 2.13-4.63) to 30.4% (OR, 4.99; 95% CI, 2.68-9.28) ( Table 4) . No consistent trend was observed in cardiac arrest or mortality among POMI patients. In addition, logistic regression models were constructed to quantify the association of POMI with subsequent cardiac arrest and death using the entire study population. Postoperative MI was consistently associated with poor prognosis, with a 3.62-fold (95% CI, 2.25-5.82) to 11.77-fold (95% CI, 6.10-22.72) increased odds of cardiac arrest and a 3.01-fold (95% CI, 2.08-4.36) to 6.66-fold (95% CI, 4.66-9.52) increased odds of mortality. 
Discussion
The past 2 decades have seen substantial improvements in the perioperative care of patients undergoing major surgery. Nonetheless, cardiovascular complications remain a major cause of mortality following vascular operations. In the present study, we evaluated the temporal changes in the incidence of cardiac complications in high-risk cardiac procedures. 6 Of note, our study results showed that patients undergoing infrainguinal bypass procedures often had severe chronic conditions while those undergoing open aortic procedure were healthier at baseline but had surgery under more emergent conditions. Consequently, open aortic procedures were associated with a higher incidence of POMI, cardiac arrest, and mortality in more recent years, whereas the opposite was noted in the infrainguinal bypass cohort. On the surface the incidence of POMI for either procedure has remained stable since 2009, but a gradual shift in the patient population and their implied cardiac risk has occurred. Patients who underwent open aortic procedures appeared to have fewer measurable baseline comorbidities but a higher incidence of emergent procedures, which likely resulted from the availability of endovascular procedures. 21 This trend was most evident as the persistent increase in patients belonging to ASA class IV or V (eg, those with severe systemic conditions posing a constant threat to life or moribund patients). The cumulative effect of such opposing trends was no change in the MICA risk estimate or incidence of POMI. However, substantial increases in cardiac arrest incidence and mortality were found. Even after adjusting for all known cardiac risk factors, ASA classification was still independently associated with increased odds of POMI. Simply, there was a discrepancy between illness severity as subjectively perceived by the anesthesiologists rather than objectively quantified by predetermined cardiac risk factors. The causes of such a discrepancy and the association of factors, including frailty as a potential risk factor, with cardiac events deserve further investigation. We found a more encouraging trend in infrainguinal bypass procedures. A persistent decrease in most baseline comorbidities, except diabetes, and fewer emergency operations led to the decline of overall mortality during the study period. Similar trends have been previously ascribed to the availability of percutaneous interventions for acute limb ischemia. 15 However, there was an increase in patients with ASA class IV status. Shifts in patient and operative risk profiles resulted in a stable incidence for POMI and cardiac arrest. After adjusting for various characteristics, we identified several independent risk factors associated with POMI (which are in agreement with those in previous reports), including estimate correlates with the occurrence of POMI, but it consistently underestimates absolute incidence of these cardiac complications in data year 2009 and later. Likely reasons for the increase in the incidence of POMI in 2009 were the methodological changes in ACS NSQIP sampling and documentation, but we believe that a revised MICA score using more recent data will update this parsimonious cardiac risk prediction model. The definition of POMI, both in clinical practice and ACS NSQIP data, has undergone a major revision since the introduction of high-sensitivity troponin assay. Its heightened sensitivity led to an increase in the incidence of diagnosed POMI. 35, 36 A systematic review 37 demonstrated that elevated troponin T or I level was consistently associated with elevated hazards for mortality following vascular surgery. However, in our study, we found that diagnosed POMI severity did not significantly decrease with liberalization of diagnostic criteria. In fact, the occurrence of POMI was consistently associated with elevated odds for subsequent cardiac arrest or mortality after adjustment for all other postoperative complications.
There are several practical and clinical implications to our findings. First, the stable rate of POMI with improving patient baseline risk should further stimulate strategies to reduce the chance of myocardial events in both emergency and elective settings. No particular interventions have been shown to reduce POMI in randomized trials, but several measures, including invasive hemodynamic monitoring and continuous telemetry, have been suggested as potential strategies.
38-40 Second, accurate determination of the absolute risk of POMI and cardiac arrest may be helpful in patient counseling and deployment of resource-intensive measures. Limited data are available on the efficacy of preoperative coronary revascularization in reducing cardiovascular events after major surgery.
41
Given significant improvements in the short-and long-term outcomes of surgical and percutaneous coronary interventions, revascularization of hemodynamically significant coronary lesion may prove beneficial.
Limitations
We acknowledge several limitations including those inherent to the data's retrospective nature. The NSQIP database was designed for quality improvement rather than survey purposes, and our conclusions may not be nationally representative. Discrepancy in outcomes has been reported for vascular procedures between the ACS NSQIP and Vascular Quality Initiative. 42, 43 In addition, the ACS NSQIP made several revisions to the cardiac-related variable definition over the years, including the 2013 change in the POMI definition and elimination of the history of MI and stroke variables. The combination of these factors led to a limited sample size during certain analyses and may have introduced sampling error. Furthermore, the ACS NSQIP did not consistently collect information on perioperative medical management, such as preoperative revascularization; statin or β-blocker usage; and potentially relevant intraoperative anatomic information, such as the use of suprarenal cross-clamping during open aortic procedures. These factors could be candidate confounders affecting cardiac outcomes.
Conclusions
Over the past decade, the cumulative sea changes in patient selection criteria and perioperative cardiac care have resulted in no significant improvement in the incidence of POMI among patients undergoing high-risk vascular procedures. For open aortic surgery, an increase in postoperative cardiac arrest and mortality was observed in parallel with a higher proportion of patients with ASA class IV or V status and emergent cases. For infrainguinal bypass, there was a decline in mortality associated with improved patient baseline health and decreasing emergent cases. Despite changes in postoperative care, POMI was consistently associated with significantly elevated odds of cardiac arrest and mortality after adjusting for other confounders. Postoperative MI following these highrisk vascular procedures represents a high-value target for quality improvement efforts not only because of its costly sequelae but also because of the anticipated growth in such cases in the aging US population. Strategies to reduce MIs, such as preoperative coronary revascularization and intensive hemodynamic monitoring, deserve further evaluation. 
